In Crocodylidae family three trypanosomes species were described, T. grayi in African crocodilian and T. cecili and Trypanosoma sp. in Caimans species from Brazil. T. grayi was transmitted by tsetse flies and the vector of Brazilian caimans trypanosomes is unknown. We characterized first Brazilian trypanosome isolated in spectacled caiman (Caiman crocodilus) from Mato Grosso State in Brazil. Morphological findings in epimastigotes forms from axenic culture showed high similarity with Trypanosoma sp. described in Caiman yacare from Brazilian Pantanal. Phylogenetic studies performed with SSU rDNA and gGAPDH (glyceraldehydes-3-phosphato dehydrogenase glycosomal) clustering in T. grayi Clade and together to genotype Cay 01 from Trypanosoma unnamed species isolated in C. yacare. This is the first isolate of Trypanosoma sp. from C. crocodilus and the phylogenetic position with isolates in C. yacare from Pantanal region and demonstrates the low host specificity of cayman trypanosomes in Brazil.
Introduction
The order Crocodylia includes 23 living species and three families are recognized, Crocodylidae, Gavialidae, and Alligatoridae [1] . Most species of families Crocodylidae and Gavialidae occur in Africa and Asia. Only Alligatoridae occurs in South America and is composed of six species, Paleosuchus palpebrosus, P. trigonatus, Melanosuchus niger, Caiman yacare, C. latirostris, and C. crocodilus [2] .
The spectacled caiman (Caiman crocodilus) has the widest distribution of the New World crocodilians with geographic range from southern Mexico to Peru and Brazil. This geographic variability enabled a segregation of this species into four subspecies [3, 4] . A single subspecies occur in North and Central Brazil, Caiman crocodilus crocodilus [5] .
The crocodilians are host to a wide variety of parasites, like intestinal parasites (nematodes and trematodes) [6] [7] [8] [9] [10] and hemoparasites (haemogegarines and trypanosomes) [10] [11] [12] [13] .
The species of genus Trypanosoma are parasites of all vertebrate classes (fish, amphibians, reptiles, birds, and mammals) with life cycles alternating between vertebrates and invertebrates hosts. Most species develop in arthropod vectors, which may belong to different orders and families, while fish, amphibian, and reptiles parasites are transmitted by leeches or insects. Other species are only mechanically transmitted. This genus has several stages, present in different combinations, in blood and/or tissues in the vertebrate and invertebrate hosts [14] [15] [16] [17] [18] [19] .
In reptiles are described about 80 species of Trypanosoma parasites, including 42 in lizards, 14 in turtles, 21 in snakes, and 3 in crocodilians. The species descriptions are based on morphology of blood forms, host, and geographic origin [20] . In Africa, T. grayi has been described in Osteolaemus tetraspis 2 ISRN Parasitology and Crocodilus niloticus, both in family Crocodylidae [21] . In Brazil, Trypanosoma unnamed species was described in Caiman yacare [22] and T. cecili in Caiman crocodilus [13] .
Phylogenetic studies performed with a large number of isolates from Africa (T. grayi) and Brazil (Trypanosoma sp.) positioned all sequences from whole SSU rDNA and gGAPDH in a unique monophyletic branch named T. grayi Clade [19, 23, 24] . The Brazilian isolates are segregated in two genotypes, named Cay01 and Cay02, and are different from T. grayi isolates [19] . The host of Brazilian trypanosomes isolates is Caiman yacare captured in Pantanal region.
In the present study, we described a first record of Trypanosoma sp. in spectacled caiman (Caiman crocodilus) from Mato Grosso State and addressed the phylogenetic relationships with other crocodilian trypanosomes. [19] . The culture was incubated at 28 ∘ C and expanded in LIT (Liver Infusion Tryptose) medium for DNA preparation. The isolate (CBT 02) was cryopreserved in liquid nitrogen in the Department of Preventive Veterinary Medicine and Animal Health, Faculty of Veterinary Medicine, University of São Paulo. Samples from cultures were smeared on glass slides and fixed with methanol and stained with Giemsa and photographed.
Materials and Methods

Study Areas and
Molecular Study.
DNA sample was extracted from parasite mass of trypanosome culture using the phenolchloroform method and primary samples were purified using the Wizard DNA Clean-Up System (Promega, Fitchburg, Wisconsin). Extracted DNA samples were subjected to conventional polymerase chain reaction (PCR) targeting a fragment of approximately 900 base pairs (bp) of the V7V8 SSU rDNA [18, 19] and approximately 800 bp of the gGAPDH (glyceraldehydes-3-phosphate dehydrogenase glycosomal) as previously described [23] . PCR products of the expected sizes were purified and sequenced in an automatic sequencer (Applied Biosystems/PerkinElmer, model ABI Prism 310 Genetic, Foster City, CA) according to the manufacturer's recommendations. The nucleotide sequences generated were deposited in GenBank under the accession numbers JQ768791 and JQ768792, respectively, for V7V8 SSU rDNA and gGAPDH genes. These sequences were concatenated and aligned using ClustalX [25] and adjusted manually using GeneDoc software [26] with sequences previously determined from other trypanosomatids species available in Genbank ( Table 1 ). The V7V8 region of SSU rDNA of crocodilian isolates was used to construct a dendogram for intraspecific analysis. The phylogenetic tree was inferred by the maximum parsimony (MP) method using PAUP version 4.0b10 [27] with 500 replicates of random addition taxa and TBR branch swapping. Bayesian analysis (B) was performed by Mrs. Bayes v3.1.2 [28] and 1.000.000 generations were employed as using GTR substitution model and four categories range proportion of invariant sites. Posteriori probabilities were used to support branches.
Results
The positive hemoculture obtained from a single spectacled caiman captured generated one isolate maintained in culture (33%). Cultures were maintained in axenic medium LIT and used for morphological analysis. Unfortunately, no smears were obtained from the blood of the spectacled caiman. All tissues, including the positive animal, were negative to trypanosome DNA barcoding.
The morphology consisted of epimastigotes with a large kinetoplast positioned near the nucleus and small and narrow undulating membrane (Figure 1 ) similar to the morphotype 1 in C. yacare trypanosomes previously described [19] .
We determined sequences from gGAPDH and SSU rDNA (V7-V8 region) and these sequences were aligned with sequences from different trypanosomatids species retrieved from GenBank (Table 1) .
Phylogenetic relationships based on gGAPDH and SSU rDNA sequences inferred by parsimony and Bayesian clustered this new isolate together to the major branch, which corresponds to crocodilian trypanosomes isolates (T. grayi Clade) (Figures 2(a) and 2(b) ). The T. grayi Clade included both African crocodilians trypanosomes and American caymans trypanosomes. The isolates from Brazilian caimans were segregated into genotypes assigned Cay01 and Cay02 previously described [19] .
Despite distinct host and different geographic origins, the isolate from C. crocodilus and Cay01 genotype from C. yacare shared high similarity (∼0.1% for gGAPDH and identical SSU rDNA V7-V8 region). Phylogenetic analysis using the concatenated data set of gGAPDH and SSU rDNA genes generated very similar phylogenetic topologies (data not show).
Discussion
In Brazil only two trypanosomes have been reported in Caiman species based on morphological analysis of blood trypomastigote: unnamed species in C. yacare from Pantanal [22] and Trypanosoma cecili in C. crocodilus from Amazonia [13]. Recently, trypanosomes isolates were obtained from C. yacare in Pantanal from Mato Grosso do Sul State and showed similar morphology of blood trypomastigote with Trypanosoma sp. described previously [19, 22] . In this present study we obtained the first trypanosome isolate from C. crocodilus.
The prevalence of Trypanosoma sp. in C. yacare varies from 35 to 46% in different studies performed in Pantanal region from Mato Grosso do Sul state [19, 22] . Only one spectacled caiman captured in Mato Grosso was positive in hemoculture (33%), but the prevalence in this species has not been established and a further study involving a large number of individuals (C. crocodilus) is necessary to determine the prevalence of Trypanosoma sp. and T. cecili.
Most studies of caiman trypanosomes were performed in the Pantanal region. The only study in Amazon with C. crocodilus and Paleosuchus trigonatus found a very low prevalence with rare trypomastigote forms in blood or tissue. This species was designated T. cecili and isolation has not yet been possible [13] .
The epimastigotes forms in axenic culture of spectacled caiman isolate are very similar to Trypanosoma sp. from C. yacare from Pantanal (Figure 1) . The tissue imprint forms of T. cecili and blood forms of Trypanosoma sp. from Pantanal are distinguishable, but similar tissue forms are detected in C. yacare and C. crocodilus [13, 19, 22] .
The variable V7-V8 region of SSU rDNA has been used for DNA barcoding of trypanosomatids and is able to distinguish all species, polymorphisms, and genetic relationships among closely related taxa [18, 19, [29] [30] [31] [32] [33] . In addition, the gGAPDH sequences were used to improve the phylogenetic analysis [19, 23, 24, 33] . In all phylogenetic analyses inferred by V7-V8 SSU rDNA and gGAPDH the isolated CBT 02 was included in monophyletic branch called T. yacare occurred in upper Madeira system of the Amazon basin and Paraguay River and lower Paraná system including Brazil, Bolivia, Paraguay, and Argentina. C. crocodiles occur in both Amazon and Orinoco drainage [2, 5] . According to Brazaitis et al. [34] , sympatric areas occur in Mato Grosso and Rondônia states. However, in Tocantins-Araguaia basin only C. crocodilus occurs. The presence of the same trypanosome species in C. yacare and C. crocodilus indicates transmission cycles between these species evidencing sympatry of caiman species or exposure to the same vector. The T. grayi in Africa is transmitted by tse-tse flies [35] . In Brazil, different species of tabanids can bite reptiles like C. crocodilus and Eunectes murinus [36] . The low host specificity of tabanids and host switch of caiman trypanosomes suggest an important role of insects in the transmission cycle of these parasites in Brazil.
The addition of new isolates of caiman trypanosomes of different vertebrate hosts is necessary for better understanding of diversity and phylogenetic relationships of these parasites and demonstrates the low host specificity of cayman trypanosomes in Brazil.
